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" 1 " 

Japanese Unexamined Patent Application- Publication No. 4- 
235558 

EXPOSURE APPARATUS 

* 

[Claims] 

[Claim 1] An exposure apparatus comprising a scanning 

stagie; a first driving mechanism which drives said scanning 
— * - —> 

stage in a prescribed direction; a first holding section, 
for holding a substrate, provided at one end of said 
scanning stage which is driven by said first driving 
mechanism in a direction perpendicular to the driving 
direction thereof and a second holding section, for holding 
a mask, provided at the other end; an optical means provided 
between said substrate and said mask for directing 
illuminating light incident on said mask to said substrate; 
a second driving mechanism which drives at least any one of 
said substrate and said mask on said scanning stage in the 
driving direction of the scanning stage and a direction 
perpendicular thereto or at least a direction; measuring 
means which measures a relative amount of shi.ft between said 
substrate and said mask in the driving direction of said 
scanning stage caused by driving of said scanning stage by 
said first driving mechanism and a direction perpendicular 
thereto or at least a direction; and a control means which 
controls the driving of said second driving mechanism in 
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response to the measured value from said measuring means so 
that the relative shift between said substrate and said mask 
is eliminated. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
relates to an exposure apparatus suitable for exposing a 
pattern particularly onto large substrates, 
[0002] 

[Description of the Related Art] The following exposure 
apparatuses are known: a proximity- type exposure apparatus 
in which a mask and a substrate are brought close to each 
other with a gap of several tens of microns; a stepper-type 
exposure apparatus in which a large substrate is exposed by 
dividing the substrate into small portions by means of a 
small mask; and a ref lecting-mirror-type projection ex posure 
apparatus in which blanket exposure of a substrate through 
arcuate illumination by providing an optical system between 
the mask and the substrate. 

[0003] In the above-mentioned proximity-type' exposure 
apparatus, setting the gap becomes more difficult as the 
substrate becomes larger in size, and the resolution, which 
is dependent upon the size of gap, is as low as 10 to 30 
microns. The above-mentioned stepper-type exposure 
apparatus, while having high resolution and being capable of 
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coping with large substrates, has poor throughput and 
requires face-bonding between individual exposure patterns, 
leading to deterioration of the exposure patterns at the 
face joints. 

[0004] In contrast, the ref lecting-mirror-type projection 
exposure apparatus has no problems such as those encountered 



in the proximity-type exposure apparatus or the stepper-type 
exposure apparatus, and is therefore suitable for exposure 
of large substrates. Fig. 6 illustrates the basic 
\£j coji£igura tion of the ref lecting-mirror-type projection 
exposure apparatus. Reference numeral I in Fig. 6 

■ 7 

represents a mask. The mask 1 is irradiated by arcuate 
slit-shaped illuminating light L. After passing through the 
mask 1, the illuminating light L is incident on a first 
reflecting surface 2a of a deflecting mirror 2 and is 
reflected substantially at right angles. A concave mirror 3 
is arranged in the reflected direction of the illuminating 
light L. The illuminating* light L reflected by the concave 
mirror 3 is deflected back to a convex mirror 4, is 
reflected again by the concave mirror 3, and .then reflected 
by a second reflecting surface 2b of the deflecting mirror 2. 
The illuminating light L reflected by the second reflecting 
surface 2b is irradiated onto a substrate. As a result, a 
pattern of the mask 1 is projected onto the substrate. 
\o005] In order to project the entire pattern of the mask 1 
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onto the substrate 5 in a ref l ect ing-mirror-tvpe pr ojection 

« ■— — — — ™— 

exposure apparatus having the configuration described above, 

— — 1. 

the mask 1 and the substrate 5 must be simultaneously moved 
J — «=_-=^ ~- ~ ■ " 

in one direction after positional alignment. The mask 1 and 
the substrate 5 are therefore held on the same stage, and 
the scanning stage is driven. When driving the scanning 
stage by a driving mechanism, however, it is inevitable that 
the scanning stage is distorted (for example, 
twisting/turning) in the driving direction and a direction 
perpendicular thereto, resulting in a shift between one end 
and the other end of the scanning stage in the driving 
direction and the direction perpendicular thereto. That is, 
a shift occurs between the mask 1 provided at one end of the 
scanning stage and the substrate 5, leading to the 
occurrence of a distortion in the pattern of the mask 1 
transferred onto the substrate 5. 

[0006] In an example of an apparatus of this type, the 
displacement accuracy of the scanning stage is compensated 
for by guiding the scanning stage by means of a static- 
pressure air bearing, and the displacement precision of the 
scanning stage is ensured/maintained by adjusting the 
bearing pressure. However, in the method for controlling 
the air pressure by use of the static-pressure air bearing, 
it is difficult to accurately perform delicate control 
because the air is compressed, and in addition, one bearing 
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affects the other bearings (shaft interference), resulting 

in a limited improvement in precision. 

[0007] 

[Problems to be Solved by the Invention] In conventional 
exposure apparatuses, as described above, it is inevitable 
that a shift is caused between the mask and the substrate by 
driving the scanning stage, and the shift in turn causes a 
distortion or a magnification error of the pattern 
transferred onto the substrate. 

[0008] The present invention was developed in view of the 
above-mentioned circumstances and has as an object the 
provision of an exposure apparatus which permits elimination 
of a shift between the mask and the substrate, which, as a 
result of driving the scanning stage, and improvement of the 
transfer accuracy of the mask pattern. 
[0009] 

[Means for Solving the Problems] The present invention 
provides an exposure apparatus comprising a scanning stage; 
a first driving mechanism which drives the scanning stage in 
a prescribed direction; a first holding section, for holding 
a substrate, provided at one end of the scanning stage which 
is driven by the first driving mechanism in a direction 
perpendicular to the driving direction thereof and a second, 
holding section, for holding a mask, provided at the other 
end; an optical means provided between the substrate and the 
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mask for directing illuminating light- incident on the mask 
to the substrate; a second driving mechanism which drives at 
least any one of the substrate and the mask on the scanning 
stage in the driving direction of the scanning stage and a 
direction perpendicular thereto or at least one direction; 
measuring means which measures a relative amount of shift 
between the substrate and the mask in the driving direction 
of the scanning stage caused by driving of said scanning 
stage by the first driving mechanism and a direction 
perpendicular thereto or at least one direction; and a 
control means which controls the driving of said second 
driving mechanism in response to the measured value from the 
measuring means so that the relative shift between the 
substrate and the mask is eliminated. 
[0010] 

[Operation] In the above-mentioned configuration, when a 
relative positional shift is caused between the substrate 
and the mask as a result of driving the scanning stage, the 
second driving mechanism is driven in response to the 
measured value from the measurement of the shaft by the 
measuring means, thus eliminating the shift. 
[0011] 

[Embodiments] Embodiments of the present invention will now 
be described with reference to the drawings. 
[0012] Fig. 1 is a perspective view illustrating a 
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configuration of the e xposure apparatus of an embodiment of 
the present invention. The exposure apparatus has a 

scanning stage 11. The scannin g sta ge 11 is formed into a 

" 

hollow rectangular parallelepiped shape which is open at the 
both longitudinal sides and at the upper surface. Static- 
pressure air bearings 12 each having a substantially U- 
shaped cross-section are provided at both ends in the 
longitudinal direction of the lower surface and extend in 
the width direction of the scanning stage 11. These static- 
pressure air bearings 12 are slidably inserted in a non- 
contact state into a pan of parallel guides 13 which face 
each other and which are separated from each other. That is, 
the scanning stage 11 is supported in a non-contact manner 
by the pair of guides 13 by air pressure. 

[0013] A driving screw 14 is provided in parallel with the 
guides 13 and between the pair of guides 13. Both ends of 
the driving screw 14 are rotatably supported by a pair of 
supports 15 (only one is shown) . The middle portion is 
screw-connected to a coupling portion (not shown) provided 
on the lower surface of the scanning stage 11, and the other 
end is connected to a main motor 16 forming a first driving 
mechanism. The driving screw 14 is rotatably driven by the 
main motor 16. As a result, the scanning stage 11 is driven 
along the pair of guides 13. The driving direction of the 
scanning stage along the guides 13 is herein referred to as 
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the X-direction. 

[0014] A first Y-stage 18 ^ which is driven in the height 
direction of the scanning stage 11 (hereinafter referred to 
as the Y-direction) by a first Y-s taqe motor 17, is provided 
on the inner surface of a side wall 11a of the scanning 
stage 11 in a direction perpendicular to the driving 
direction of the main motor 16. One side surface of the 
first Y-stage 18 is slidably connected thereto. An X -stage^ 
19 is provided on the other side surface of the first Y- 
stage 18. One side surface of the X-stage 19 is slidably 
connected to the first Y-stage 18. The X-stage 19 is driven 
in the X-direction perpendicular to the driving direction of 
the first Y-stage 18 by an X-stage motor 21, i.e., in the 
same direction as the direction in which the scanning stage 
11 is driven by the main motor 16. A Z-chilled stage 22, 
which is finely driven by a driving source (not shown) in a 
Z-direction perpendicular to the plane formed by the Y- 
direction and the X-direction, is provided on the other side 
surface of the X-stage 19 for adjusting the focus. One side 
surface of the Z-chilled stage 22 faces that other side 
surface of the X-stage 19. To the other side surface of the 
Z-chilled stage 22, there is provided a first 0-table 23 
serving as a first holding section rotatable in the (in- 
direction with a direction perpendicular to the plane of 
this side surface serving as the rotational axis. One side 
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surface of the first 9-table 23 is connected to that other 
side surface of the Z-chilled stage 22. The first 9-table 
23 is rotatably driven by a first 8-motor 24. A large 
substrate 25 is held by attraction by a means such as vacuum 
adsorption on the other side surface of the 0-table, and a 
pattern of a mask 31 (described later) is transferred onto- 
the large substrate 25. 

[0015] One side surface of a second Y- stage 27 , which is 

driven in the Y-direction by a sec ond Y-moto_r 2 6, is 

connected to the outer surface of the other side wall lib of 

the scanning stage 11. A second 0-table 29 serving as a 

second holding section driven to rotate in the 9-direction 

by a second 0-motor 28 is provided on the other side surface 

of the second Y-stage 27. The mask 31 having a pattern 

formed thereon is held by a means such as vacuum adsorption 

on the other side surface of th e 6-table 2 9. Openings 32 

permitting light transmission (only the opening 32 of the 

second 9-table 29 is shown) are formed in portions of the 

second 9-table 29, the second Y-stage 27, and the other side 

wall lib of the scanning stage 11 corresponding to the 

portions having the pattern of the mask 31 formed thereon. 

[0016] A deflecting n>ir'ror 33 having a trapezoidal cross- 
. — 's~ 

sectional shape and having both sides formed into first and 
second reflecting surfaces 33a and 33b is arranged between 
the substrate 25 held by the center portion in the 



longitudinal direction of the scanning stage 11, i.e., held 

- 

by the f irst 9-table 23, and t he mask 3 1 held by the second 
0-table 29. Illuminating light L having a short wavelength 
such as a g-beam or an i-beam having a cross-section formed 
into an arcuate slit shape which irradiates light in 
substantially the entire length in the height direction (Y- 
direction) of the mask 31 enters, through the mask 31, the 
first reflecting surface 33a of the deflecting mirror 33. 
The illuminating light L reflected by the first reflecting 
surface 33a is reflected by a con cave mi r ror _ 3J_ arranged 
opposite the deflecting mirror 33. A convex mirror 35 is 
arranged between the concave mirror 34 and the deflecting 
mirror 33. The illuminating light L reflected by the 
concave mirror 34 is then reflected by the convex mirror 35, 
is reflected again by the concave mirror 34, enters the 
second reflecting surface 33b of the deflecting mirror 33, 
and is irradiated onto the substrate 25 held by the first 0- 
table 23. As a result, the pattern of the mask 32 is 
transferred onto the substrate 25. 

[0017] The turn-back mirror 33, the concave mirror 34 and 
the convex mirror 35 are fixed to a fixing section (not 
shown) so as not to move in coordination with the 
displacement of the scanning stage 11 so that' 'constant gaps 
are kept between them. 

[0018] The main motor_16. the_Xi- rs t Y-stage motor 17, the 
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X-stage motor 21, the first 0-motor 23, the second Y-motor 
26, and the second 9-motor 28 are connected to a driving 
controller 36 -and are operable in response to a driving 

* 

signal from the driving controller 36. A CPU 37 serving as 
a setting section is connected to the driving controller 36, 
and a driving signal is output from the driving controller 
36 in response to a signal from the CPU 37. 
[0019] When the scanning stage 11 is driven by the raain 
motor 16 in the X-direction, an amount of shift in the x 
direction between the substrate 25 and the mask 31, which is 

_ - . „^nnri the Y- 

caused by rotation ot the scanning stage n hl^^— 
axis (hereinafter referred to as an amount of twisting/ 
turning shift), and an amount of shift between the substrate 
25 and the mask 31 in the Y-direction, which is caused by 
rotation around the driving screw 14 (X-axis) (hereinafter 
referred to as an amount of rolling shift) are measured by 
an optical measuring unit 38 shown in Fig. 2. I n 
the positional relationship between the substrate 

* tr ' a 1 to 

mask 31 is reversed as compared, with that in Fig ■ 
facilitate understanding of the measurement condition. 
[0020] More specifically, the o ptical measuring un it^JSjMias 
a laser head 41 installed at one end in the longitudinal 

f" a laser 

direction of the scanning stage 11. The path 0 

beam R output from the laser head 41 is chang ed t0 a 

i on of the 

direction parallel to the longitudinal direct 
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scanning stage 11 by a first reflector 42. The laser beam R 
whose path has been changed is divided into a beam Rl 
reflected vertically upward by a first beam splitter 43 at a 
position facing a side of the Z-chilled stage along the Y- 
direction, and a beam R2 passing straight through. 
[0021] The beam Rl reflected by the first beam reflector 43 
is divided by a second beam splitter 44 into a first 
reflected beam R12 reflected in the horizontal direction, 
and a first transmitted beam R13 passing through in the 
vertical direction. The first reflected beam R12 is 
incident on a first X-interf erometer 4b. The first 
reflected beam R12 irradiated from the interferometer 45 is 
incident on a first X-mirror 4 6 prov ided on the above- 
mentioned side surface along the Y-direction of the Z- 
chilled stage 22. The first reflected beam R12 reflected at 
the first X-mirror 46 is received by a first X-receiver 47 
via the first X-interf erometer 45. As a result, the amount 
of displacement in the X-direction of the Z-chilled stage 22, 
i.e., the coordinate Xp in the X-direction of the substrate 
25 is measured by optical interference, and .the measured 
value is entered into the length measuring unit 48. 
[0022] The first transmitted beam R13 is reflected by a 
second reflector 51 in the horizontal direction and enters a 
first Y-interferometer 52. The first transmitted beam R13 
irradiated from the first Y-interferometer 52 enters a first 
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Y-mirror 53 provided on the upper end surface of the Z- 
chilled stage 22 along the X-direction. The first 
transmitted beam R13 reflected by the first Y-mirror 53 is 
received by the first Y-receiver 54 via the first_JY-_ 
interferometer 52. As a result, the coordinate Yp in the Y- 
direction of the substrate 25, which is the amount of 
displacement of the Z-chilled stage 22, is measured/ and the 
measured value is entered into the length measuring unit 48. 
[0023] The beam R2 having passed through the first beam 
splitter 43 is reflected vertically upward by a third 
rei lector o o at a puaiLiun cuncajjunuiuy a oxuc o^^j-^v-^- 
of the second Y-stage 26 in the Y-direction. The beam R2 
reflected at the third reflector 55 is divided by a third 
beam splitter 56 into a second reflected beam R21, which is 
reflected in the horizontal direction, and a second 
transmitted beam R22, which passes through in the vertical 
direction . 

\^ <rz> [0024] The second reflected beam R21 enters a second X- 
interferometer 57. The second reflected beam R21, after 
leaving this interferometer 57, enters a second X-mirror 58 
provided on a side surface of the second Y-stage 2 6 in the 
Y-direction. The second reflected beam R12 reflected by the 
second X-mirror 58 is received by a second X-receiver 59 via 
the second X-interf erometer 57. As a result, a coordinate 
Xm in the X-direction of the mask 31, which is the amount of 



i 
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displacement in the X-direction of the second Y-stage 26, is 
measured, and the measured value is entered into the length 
measuring unit 48. 

[0025] The second transmitting beam R22 is reflected in the 

horizontal direction by a fourth reflector 61, and enters a 

second Y-interf erometer 62 at a position corresponding to 
. > 

the upper end surface of the second Y-stage 26. The second 
transmitted beam R22, after leaving the interferometer 62, 
enters a second Y-mirror 63 provided on the upper end 
surface of the second Y-stage 26 in the X-direction. The 
second transmitted beam R22 reflected by the second Y-mirror 
63 is received by a second Y-receiver 64 via the second 
interferometer 62 . As a result, a coordinate Ym of the mask 
31 in the Y-direction, which is the amount of displacement 
of the second Y-stage 26 in the Y-direction, is measured, 
and the measured value is entered into the length measuring 
unit 48. 

[0026] In the length measuring unit 48, the amount of 
relative shift between the coordinates of the substrate 25 
and the mask 31 in the X-direction and Y-direction is 
determined. More specifically, the amount of relative shift 
in the X-direction AXp for the substrate 25 relative to the 
mask 31 can be calculated from (AXp = Xm - Xp) , and the 
amount of shift in the Y-direction AYp can be calculated 
from (AYp = Ym - Yp) . 



[0027] The amount of relative shift in the X-direction AXp 
of the substrate 25 relative to the mask 31 and the amount 
of relative shift in the Y-direction AYp, as determined by 
means of the length measuring unit 48, are entered into the 
CPU 37. In the CPU 37, the amounts of shift AXp and AYp 
from the length measuring unit 48 are corrected by 
correction coefficients Ax and Ay described later, and the 
thus corrected values, serving as driving signals, are 
entered into the driving controller 36. The driving 
controller 36 controls the X-stage motor 21 and the first Y- 
stage motor 17 on the basis of the driving signals from the 
CPU 37 so that the amounts of shift AXp and AYp become null. 
As a result, it is possible to eliminate relative shifts in 
the X-direction and the Y-direction of the substrate 26 and 
the mask 31 oppositely arranged in the Z-direction. 
[0028] The above-mentioned correction coefficients Ax and 
Ay are coefficients for correcting measurement errors caused 
by a shift in alignment of various component parts of the 
optical measuring unit 38. Therefore, the amounts of 
driving AXp 1 and AYp 1 for correcting the X-direction and Y- 
direction shifts upon actual driving of the substrate 25 are 
expressed by the following formulae: 

AXp' = Ax-AXp 

AYp* = Ay-AXp 

[0029] It suffices to set the correction coefficients Ax 
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and Ay, for example, by measuring coordinates in the X- 
direction and the Y-direction of the substrate 25 and the 
mask 31 in a state in which the amount of driving of the 
scanning stage 11 in the X-direction is 0, so that the 
amount of shift in this case becomes 0. The lengths of the 
first Y-mirror 53 and the second Y-mirror 63 are set so as 
to be longer than the irradiation length of the illuminating 
light L onto the substrate 25 in the X-direction. The 
operation of the exposure apparatus having the above- 
mentioned configuration will now be described with reference 
to Fiq. 4. 

[0030] After setting correction coefficients Ax and Ay in 
the X-direction and the Y-direction in the CPU 37, the 
substrate 25 and the mask 31 are aligned with each other. 
More specifically, when the mask 31 is positioned at a 
prescribed position by driving the second Y-stage motor 27 
and the second 0-motor 28, the first Y-stage motor 17, the 
first X-stage motor 21, and the first 9-motor 24 are driven 
to align the substrate 25 with the mask 31. 

[0031] Upon the completion of alignment of the substrate 25 
and the mask 31, the ilTuj^naJing_J^^ from 
the mask 31, and at the same time, the main motor 16 is 
driven and the scanning stage 11 is driven in the X-axis 
direction by the driving screw 14. As a result, the pattern 
of the mask 31 is irradiated onto the substrate 25 via the 



optical means comprising the deflecting mirror 33, the 
concave mirror 34, and the convex mirror 35, thus exposing 
the pattern of the mask 31 onto the substrate 25. 
[0032] When the scanning stage 11 is driven in the X-axis 
direction, the amounts of relative shift in the X-direction 
and the Y-direction of the substrate 25 and the mask 31 are 
measured by the length measuring unit 48 of the optical 
measuring unit 38. When the amounts of shift AXp and AYp in 
the coordinate in the X-direction and the Y-direction of the 
substrate 25 and the mask 31 measured by the length 
measuring unit 48 are measured, these amounts of shift AXp 
and AYp are corrected by means of correction coefficients Ax 
and Ay. The first Y-stage 18 and the X-stage 19 holding the 
substrate 25 are driven by the driving controller 36 on the 
basis of the corrected shifts AXp' and AYp 1 , and these 
shifts AXp' and AYp 1 are eliminated. 

[0033] More specifically, even when driving of the scanning 

stage 11 in the X-axis direction causes twisting/ turning or 

rolling in the scanning stage 11, and shifts occur in the X- 

direction and the Y-direction between the substrate 25 and 

* 

the mask 31, such shifts are corrected because the 
occurrence of a shift is detected by the optical measuring 
unit 38 immediately upon occurrence and the driving 
controller 36 is driven via the CPU 37. It is thus possible 
to transfer the pattern of the mask 31 onto the substrate 25 
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without the risk of a shift occurring. 

[0034] Fig. 3 is a descriptive view of the occurrence of 
twisting/ turning. That is, when the scanning stage 11 is 
tilted by an angle Gy around the Y-axis relative to the 
driving direction in the X-axis direction, assuming that the 
distance between the substrate 25 and the mask 31 is 1, the 
illuminating light L irradiated from the mask 31 side would 
suffer from a shift AXy in irradiating position on the 
substrate 25. This results in a yaw of AXy which can be 
calculated from (AXy = l-9y) . 

[0035] Although not shown, the roll represents the shift 
occurring when the scanning stage 11 is tilted in the Y~ 
direction around the X-axis, and can be calculated in the 
same manner as for the amount of yaw. The direction of 
measurement of the X and Y axes for each stage is not 
specific . 

[0036] Repetition of a plurality of exposure runs leads on 
the other hand to the occurrence of a thermal deformation, 
such as shrinkage of the substrate 25. It is therefore 
necessary to correct a pattern shift caused by shrinkage, 
i.e., to correct magnification. Figs. 4 (a) to 4(c) 
illustrate the principle of magnification correction in the 
X-axis direction. More specifically, while the illuminating 
light L irradiates the mask 31 from one end to the other, 
the X-direction coordinates are corrected on the basis of a 
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prescribed amount of magnification for the X-coordinate . As 
a result, even when there is a shift AXm between one end of 
the mask 31 and one end of the substrate 25, as shown in Fig. 
4 (a) , the relative shift AXm at the ends of the substrate 25 
and the mask 31 is corrected at a point in time shown in Fig. 
4(c). Therefore, even if the substrate 25 shrinks through 
repetition of exposure, a shift of the pattern is corrected 
in each exposure step. 

[0037] Magnification correction in the X-direction in this 

embodiment is carried out as follows. An amount of shift 

caused by thermal deformation between the substrate 25 and 

the mask 31 is measured prior to starting each exposing step, 

and the measured value is entered into the CPU 37 as an 

amount of magnification correction. The CPU 37 sets this 

amount of magnification correction separately for each 

prescribed X-coordinate. Each time the scanning stage 11 is 

driven to the prescribed coordinate, the substrate 25 is 

driven in the X-direction by the X-stage motor 21 in 

response to the amount of magnification correction at that 

coordinate, thus accomplishing the magnification correction. 

[0038] The magnification correction in the Y-direction is 

accomplished within a narrow range of the width of the 

substrate 25, thus lowering the necessity to correct, as in 

the X-axis direction. When correcting the magnification in 

*. ■ 

this direction, however, it suffices to expand or reduce the 
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range of the illuminating light L through an optical system 
(not shown) in the Y-direction before it is incident on the 
mask 31. 

[0039] When the illuminating light L is irradiated onto the 
entire length in the X-direction of the substrate 25 while 
correcting the yaw direction and roll direction shifts 
caused by driving of the scanning stage 11, and correcting 
the magnification caused by thermal deformation of the 
substrate 25, driving of the scanning stage 11 is 
discontinued, thus completing pattern exposure of the mask 
31 onto the substrate 25. 

[0040] In the aforementioned embodiment, the substrate 25 
is driven in the X-direction and the Y-direction for 
carrying out yaw correction, roll correction and 
magnification correction. A configuration in which the mask 
31 is drivable not only in the Y-direction, but also in the 
X-direction may be adopted so that corrections may be 
accomplished by driving the mask 31 in the X-direction and 
the Y-direction. The above-mentioned corrections may be 
conducted by driving both the substrate 25 and the mask 31. 
[0041] In the above-mentioned embodiment, roll correction 
and magnification correction are applicable in addition to 

yaw correction. The exp osure appar atus of the present 

* " T i 4 

invention need only have a configuration in which at least 

one of these corrections can be carried out. When 



•performing yaw correction alone, for example, the 
configuration need only permit driving of the substrate 25 
only in the X-direction, and the optical measuring unit 38 
need only be capable of measuring only the X-direction shift 
of the substrate 25 and the mask 31. 
[0042] 

[Advantages-] According to the present invention, as 
described above, shifts occurring between the substrate and 
the mask in the driving direction of the scanning stage and 
a direction perpendicular thereto or at least in one 
direction are measured/ and exposure is carried cut while 
removing the shifts by driving at least one of the mask and 
the substrate in response to the measured result. It is 
therefore possible to accurately expose the pattern of the 
mask without causing a shift in the substrate. 
[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a perspective view illustrating the 
exposure apparatus of an embodiment of the present 
invention; 

[Fig. 2] Fig. 2 is a schematic configuration diagram of 
the optical measuring unit in the embodiment shown in Fig. 
1; 

[Fig. 3] Fig. 3 is a descriptive view of the yaw 
correction principle in the embodiment shown in Fig. 1; 

[Fig. 4] Figs. 4 (a) to 4{c} are descriptive views of the 
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principle of magnification correction in the embodiment 
shown in Fig. 1; 

[Fig. 5] Fig. 5 is a flowchart of the above-mentioned 
embodiment; and 

[Fig. 6] Fig. 6 is a descriptive view of the principle 
of the ref lecting-mirror-type projection exposure apparatus. 
[Reference Numerals] 

11: Scanning stage; 16: Main motor (first driving 
mechanism); 21: X-stage motor (second driving mechanism); 
25: Substrate; 31: Mask; 33, 34, 35: Optical means; 36: 
Driving controller; 37: Setting section (CPU); 38: Optical 
measuring unit. 
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Japanese Unexamined Patent Application Publication No. 4- 
235558 

EXPOSURE APPARATUS 
[Claims ] 

[Claim 1] An exposure apparatus comprising a scanning 
stage; a first driving mechanism which drives said scanning 
stage in a prescribed direction; a first holding section, 
for holding a substrate, provided at one end of said 
scanning stage which is driven by said first driving 
mechanism in a direction perpendicular to the driving 
direction thereof and a second holding section, for holding 
a mask, provided at the other end; an optical means provided 
between said substrate and said mask for directing 
illuminating light incident on said mask to said substrate; 
a second driving mechanism which drives at least any one of 
said substrate and said mask on said scanning stage in the 
driving direction of the scanning stage and a direction 
perpendicular thereto or at least a direction; measuring 
means which measures a relative amount of shift between said 
substrate and said mask in the driving direction of said 
scanning stage caused by driving of said scanning stage by 
said first driving mechanism and a direction perpendicular 
thereto or at least a direction; and a control means which 
controls the driving of said second driving mechanism in 
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response to the measured value from said measuring means so 
that the relative shift between said substrate and said mask 
is eliminated. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field of the Invention] The present invention 
relates to an exposure apparatus suitable for exposing a 
pattern particularly onto large substrates. 

[0002] 

[Description of the Related Art] The following exposure 
apparatuses are known: a proximity-type exposure apparatus 
in which a mask and a substrate are brought close to each 
other with a gap of several tens of microns; a stepper-type 
exposure apparatus in which a large substrate is exposed by 
dividing the substrate into small portions by means of a 
small mask; and a ref lect ing-mirror- type projection exposure 
apparatus in which blanket exposure of a substrate through 
arcuate illumination by providing an optical system between 
the mask and the substrate. 

[0003] In the above-mentioned proximity-type exposure 
apparatus, setting the gap becomes more difficult as the 
substrate becomes larger in size, and the resolution, which 
is dependent upon the size of gap, is as low as 10 to 30 
microns. The above-mentioned stepper-type exposure 
apparatus, while having high resolution and being capable of 
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coping with large substrates, has poor throughput and 
requires face-bonding between individual exposure patterns, 
leading to deterioration of the exposure patterns at the 
face j oints . 

[0004] In contrast, the ref lecting-mirror-type projection 
exposure apparatus has no problems such as those encountered 
in the proximity-type exposure apparatus or the stepper-type 
exposure apparatus, and is therefore suitable for exposure 
of large substrates. Fig. 6 illustrates the basic 
configuration of the ref lecting-mirror-type projection 
exposure apparatus. Reference numeral 1 in Fig. 6 
represents a mask. The mask 1. is irradiated by arcuate 
slit-shaped illuminating light L . After passing through the 
mask 1, the illuminating light L is incident on a first 
reflecting surface 2a of a deflecting mirror 2 and is 
reflected substantially at right angles. A concave mirror 3 
is arranged in the reflected direction of the illuminating 
light L. The illuminating light L reflected by the concave 
mirror 3 is deflected back to a convex mirror 4, is 
reflected again by the concave mirror 3, and then reflected 
by a second reflecting surface 2b of the deflecting mirror 2 . 
The illuminating light L reflected by the second reflecting 
surface 2b is irradiated onto a substrate. As a result, a 
pattern of the mask 1 is projected onto the substrate. 
[0005] In order to project the entire pattern of the mask 1 
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onto the substrate 5 in a ref lect ing-mirror-type projection 
exposure apparatus having the configuration described above, 
the mask 1 and the substrate 5 must be simultaneously moved 
in one direction after positional alignment. The mask 1 and 
the substrate 5 are therefore held on the same stage, and 
the scanning stage is driven. When driving the scanning 
stage by a driving mechanism, however, it is inevitable that 
the scanning stage is distorted (for example, 
twist ing/ turning) in the driving direction and a direction 
perpendicular thereto, resulting in a shift between one end 
and the other end of the scanning stage in the driving 
direction and the direction perpendicular thereto. That is, 
a shift occurs between the mask 1 provided at one end of the 
scanning stage and the substrate 5, leading to the 
occurrence of a distortion in the pattern of the mask 1 
transferred onto the substrate 5. 

[0006] In an example of an apparatus of this type, the 
displacement accuracy of the scanning stage is compensated 
for by guiding the scanning stage by means of a static- 
pressure air bearing, and the displacement precision of the 
scanning stage is ensured/maintained by adjusting the 
bearing pressure. However, in the method for controlling 
the air pressure by use of the static-pressure air bearing, 
it is difficult to accurately perform delicate control 
because the air is compressed, and in addition, one bearing 
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affects the other bearings (shaft interference), resulting 

in a limited improvement in precision. 

[0007] 

[Problems to be Solved by the Invention] In conventional 
exposure apparatuses, as described above, it is inevitable 
that a shift is caused between the mask and the substrate by 
driving the scanning stage, and the shift in turn causes a 
distortion or a magnification error of the pattern 
transferred onto the substrate. 

[0008] The present invention was developed in view of the 
above-mentioned circumstances and has as an object the 
provision of an exposure apparatus which permits elimination 
of a shift between the mask and the substrate, which, as a 
result of driving the scanning stage, and improvement of the 
transfer accuracy of the mask pattern. 

[0009] 

[Means for Solving the Problems] The present invention 
provides an exposure apparatus comprising a scanning stage; 
a first driving mechanism which drives the scanning stage in 
a prescribed direction; a first holding section, for holding 
a substrate, provided at one end of the scanning stage which 
is driven by the first driving mechanism in a direction 
perpendicular to the driving direction thereof and a second 
holding section, for holding a mask, provided at the other 
end; an optical means provided between the substrate and the 
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mask for directing illuminating light incident on the mask 
to the substrate; a second driving mechanism which drives at 
least any one of the substrate and the mask on the scanning 
stage in the driving direction of the scanning stage and a 
direction perpendicular thereto or at least one direction; 
measuring means which measures a relative amount of shift 
between the substrate and the mask in the driving direction 
of the scanning stage caused by driving of said scanning 
stage by the first driving mechanism and a direction 
perpendicular thereto or at least one direction; and a 
control means which controls the driving of said second 
driving mechanism in response to the measured value from the 
measuring means so that the relative shift between the 
substrate and the mask is eliminated. 
[0010] 

[Operation] In the above-mentioned configuration, when a 
relative positional shift is caused between the substrate 
and the mask as a result of driving the scanning stage, the 
second driving mechanism is driven in response to the 
measured value from the measurement of the shift by the 
measuring means, thus eliminating the shift. 

[0011] 

[Embodiments] Embodiments of the present invention will now 
be described with reference to the drawings. 
[0012] Fig. 1 is a perspective view illustrating a 



- 7 - 



configuration of the exposure apparatus of an embodiment of 
the present invention. The exposure apparatus has a 
scanning stage 11. The scanning stage 11 is formed into a 
hollow rectangular parallelepiped shape which is open at the 
both longitudinal sides and at the upper surface. Static- 
pressure air bearings 12 each having a substantially U- 
shaped cross-section are provided at both ends in the 
longitudinal direction of the lower surface and extend in 
the width direction of the scanning stage 11. These static- 
pressure air bearings 12 are slidably inserted in a non- 
contact state into a pair of parallel guides 13 which face 
each other and which are separated from each other. That is, 
the scanning stage 11 is supported in a non-contact manner 
by the pair of guides 13 by air pressure, 

[0013] A driving screw 14 is provided in parallel with the 
guides 13 and between the pair of guides 13. Both ends of 
the driving screw 14 are rotatably supported by a pair of 
supports 15 (only one is shown) . The middle portion is 
screw-connected to a coupling portion (not shown) provided 
on the lower surface of the scanning stage 11, and the other 
end is connected to a main motor 16 forming a first driving 
mechanism. The driving screw 14 is rotatably driven by the 
main motor 16. As a result, the scanning stage 11 is driven 
along the pair of guides 13. The driving direction of the 
scanning stage along the guides 13 is herein referred to as 
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the X-direction. 

[0014] A first Y-stage 18, which is driven in the height 
direction of the scanning stage 11 (hereinafter referred to 
as the Y-direction) by a first Y-stage motor 17, is provided 
on the inner surface of a side wall 11a of the scanning 
stage 11 in a direction perpendicular to the driving 
direction of the main motor 16. One side surface of the 
first Y-stage 18 is slidably connected thereto. An X-stage 
19 is provided on the other side surface of the first Y- 
stage 18. One side surface of the X-stage 19 is slidably 
connected to the first Y-stage 18. The X-stage 19 is driven 
in the X-direction perpendicular to the driving direction of 
the first Y-stage 18 by an X-stage motor 21, i.e., in the 
same direction as the direction in which the scanning stage 
11 is driven by the main motor 16. A Z-chilled stage 22, 
which is finely driven by a driving source (not shown) in a 
Z-direction perpendicular to the plane formed by the Y- 
direction and the X-direction, is provided on the other side 
surface of the X-stage 19 for adjusting the focus. One side 
surface of the Z-chilled stage 22 faces that other side 
surface of the X-stage 19. To the other side surface of the 
Z-chilled stage 22, there is provided a first 8-table 23 
serving as a first holding section rotatable in the 6- 
direction with a direction perpendicular to the plane of 
this side surface serving as the rotational axis. One side 
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surface of the first 6-table 23 is connected to that other 
side surface of the Z-chilled stage 22. The first 0-table 
23 is rotatably driven by a first 0-motor 24. A large 
substrate 25 is held by attraction by a means such as vacuum 
adsorption on the other side surface of the 0-table, and a 
pattern of a mask 31 (described later) is transferred onto 
the large substrate 25. 

[0015] One side surface of a second Y-stage 27, which is 
driven in the Y-direction by a second Y-motor 26, is 
connected to the outer surface of the other side wall lib of 
the scanning stage 11. A second 0-table 29 serving as a 
second holding section driven to rotate in the 0-direction 
by a second 0-motor 28 is provided on the other side surface 
of the second Y-stage 27. The mask 31 having a pattern 
formed thereon is held by a means such as vacuum adsorption 
on the other side surface of the 0-table 29. Openings 32 
permitting light transmission {only the opening 32 of the 
second 0-table 29 is shown) are formed in portions of the 
second 0-table 29, the second Y-stage 27, and the other side 
wall lib of the scanning stage 11 corresponding to the 
portions having the pattern of the mask 31 formed thereon. 
[0016] A deflecting mirror 33 having a trapezoidal cross- 
sectional shape and having both sides formed into first and 
second reflecting surfaces 33a and 33b is arranged between 
the substrate 25 held by the center portion in the 
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longitudinal direction of the scanning stage 11, i.e., held 
by the first 0-table 23, and the mask 31 held by the second 
G-table 29. Illuminating light L having a short wavelength 
such as a g-beam or an i-beam having a cross-section formed 
into an arcuate slit shape which irradiates light in 
substantially the entire length in the height direction (Y- 
direction) of the mask 31 enters, through the mask 31, the 
first reflecting surface 33a of the deflecting mirror 33. 
The illuminating light L reflected by the first reflecting 
surface 33a is reflected by a concave mirror 34 arranged 
opposite the deflecting mirror 33. A convex mirror 35 is 
arranged between the concave mirror 34 and the deflecting 
mirror 33. The illuminating light L reflected by the 
concave mirror 34 is then reflected by the convex mirror 35, 
is reflected again by the concave mirror 34, enters the 
second reflecting surface 33b of the deflecting mirror 33, 
and is irradiated onto the substrate 25 held by the first 0- 
table 23. As a result, the pattern of the mask 32 is 
transferred onto the substrate 25. 

[0017] The turn-back mirror 33, the concave mirror 34 and 
the convex mirror 35 are fixed to a fixing section (not 
shown) so as not to move in coordination with the 
displacement of the scanning stage 11 so that constant gaps 
are kept between them. 

[0018] The main motor 16, the first Y-stage motor 17, the 
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X-stage motor 21, the first 0-motor 23, the second Y-motor 
26, and the second 0-motor 28 are connected to a driving 
controller 36 and are operable in response to a driving 
signal from the driving controller 36. A CPU 37 serving as 
a setting section is connected to the driving controller 36, 
and a driving signal is output from the driving controller 
36 in response to a signal from the CPU 37 . 
[0019] When the scanning stage 11 is driven by the main 
motor 16 in the X-direction, an amount of shift m the X- 
direction between the substrate 25 and the mask 31, which is 
caused by rotation of the scanning stage 11 around the Y- 
axis (hereinafter referred to as an amount of twisting/ 
turning shift) , and an amount of shift between the substrate 
25 and the mask 31 in the Y-direction, which is caused by 
rotation around the driving screw 14 (X-axis) (hereinafter 
referred to as an amount of rolling shift) are measured by 
an optical measuring unit 38 shown in Fig. 2. In Fig. 2, 
the positional relationship between the substrate 25 and the 
mask 31 is reversed as compared with that in Fig. 1 to 
facilitate understanding of the measurement condition. 
[0020] More specifically, the optical measuring unit 38 has 
a laser head 41 installed at one end in the longitudinal 
direction of the scanning stage 11. The path of a laser 
beam R output from the laser head 41 is changed to a 
direction parallel to the longitudinal direction of the 
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scanning stage 11 by a first reflector 42. The laser beam R 
whose path has been changed is divided into a beam Rl 
reflected vertically upward by a first beam splitter 43 at a 
position facing a side of the Z-chilled stage along the Y- 
direction, and a beam R2 passing straight through. 
[0021] The beam Rl reflected by the first beam reflector 43 
is divided by a second beam splitter 44 into a first 
reflected beam R12 reflected in the horizontal direction, 
and a first transmitted beam R13 passing through in the 
vertical direction. The first reflected beam R12 is 
incident on a first X-inter f erometer 45. The first 
reflected beam R12 irradiated from the interferometer 45 is 
incident on a first X-mirror 4 6 prov ided on the above- 
mentioned side surface along the Y-direction of the Z- 
chilled stage 22. The first reflected beam R12 reflected at 
the first X-mirror 46 is received by a first X-receiver 47 
via the first X-inter f erometer 45. As a result, the amount 
of displacement in the X-direction of the Z-chilled stage 22, 
i.e., the coordinate Xp in the X-direction of the substrate 
25 is measured by optical interference, and the measured 
value is entered into the length measuring unit 48. 
[0022] The first transmitted beam R13 is reflected by a 
second reflector 51 in the horizontal direction and enters a 
first Y-interf erometer 52. The first transmitted beam R13 
irradiated from the first Y-interf erometer 52 enters a first 
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Y-mirror 53 provided on the upper end surface of the Z- 
chilled stage 22 along the X-direction. The first 
transmitted beam R13 reflected by the first Y-mirror 53 is 
received by the first Y-receiver 54 via the first Y- 
inter f erometer 52. As a result, the coordinate Yp in the Y- 
direction of the substrate 25, which is the amount of 
displacement of the Z-chilled stage 22, is measured, and the 
measured value is entered into the length measuring unit 48. 
[0023] The beam R2 having passed through the first beam 
splitter 43 is reflected vertically upward by a third 
reflector 55 at a position corresponding to a side surface 
of the second Y-stage 26 in the Y-direction. The beam R2 
reflected at the third reflector 55 is divided by a third 
beam splitter 56 into a second reflected beam R21, which is 
reflected in the horizontal direction, and a second 
transmitted beam R22, which passes through in the vertical 
direction . 

[0024] The second reflected beam R21 enters a second X- 
interf erometer 57. The second reflected beam R21, after 
leaving this interferometer 57, enters a second X-mirror 58 
provided on a side surface of the second Y-stage 26 in the 
Y-direction. The second reflected beam R12 reflected by the 
second X-mirror 58 is received by a second X-receiver 59 via 
the second X- inter f erometer 57. As a result, a coordinate 
Xm in the X-direction of the mask 31, which is the amount of 
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displacement in the X-direction of the second Y-stage 26, is 
measured, and the measured value is entered into the length 
measuring unit 48. 

[0025] The second transmitting beam R22 is reflected in the 
horizontal direction by a fourth reflector 61, and enters a 
second Y-inter f erometer 62 at a position corresponding to 
the upper end surface of the second Y-stage 26. The second 
transmitted beam R22, after leaving the interferometer 62, 
enters a second Y-mirror 63 provided on the upper end 
surface of the second Y-stage 26 in the X-direction. The 
second transmitted beam R22 reflected by the second Y-mirror 
63 is received by a second Y-receiver 64 via the second 
interferometer 62. As a result, a coordinate Ym of the mask 
31 in the Y-direction, which is the amount of displacement 
of the second Y-stage 26 in the Y-direction, is measured, 
and the measured value is entered into the length measuring 
unit 48. 

[0026] In the length measuring unit 48, the amount of 
relative shift between the coordinates of the substrate 25 
and the mask 31 in the X-direction and Y-direction is 
determined. More specifically, the amount of relative shift 
in the X-direction AXp for the substrate 25 relative to the 
mask 31 can be calculated from (AXp = Xm - Xp) , and the 
amount of shift in the Y-direction AYp can be calculated 
from (AYp - Ym - Yp) . 
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[0027] The amount of relative shift in the X-direction AXp 
of the substrate 25 relative to the mask 31 and the amount 
of relative shift in the Y-direction AYp, as determined by 
means of the length measuring unit 48, are entered into the 
CPU 37. In the CPU 37, the amounts of shift AXp and AYp 
from the length measuring unit 48 are corrected by 
correction coefficients Ax and Ay described later, and the 
thus corrected values, serving as driving signals, are 
entered into the driving controller 36. The driving 
controller 36 controls the X-stage motor 21 and the first Y- 
stage motor 17 on the basis of the driving signals from the 
CPU 37 so that the amounts of shift AXp and AYp become null. 
As a result, it is possible to eliminate relative shifts in 
the X-direction and the Y-direction of the substrate 26 and 
the mask 31 oppositely arranged in the Z-direction. 
[0028] The above-mentioned correction coefficients Ax and 
Ay are coefficients for correcting measurement errors caused 
by a shift in alignment of various component parts of the 
optical measuring unit 38. Therefore, the amounts of 
driving AXp ' and AYp 1 for correcting the X-direction and Y- 
direction shifts upon actual driving of the substrate 25 are 
expressed by the following formulae: 

AXp 1 = Ax-AXp 

AYp 1 = Ay-AXp 

[0029] It suffices to set the correction coefficients Ax 
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and Ay, for example, by measuring coordinates in the X- 
direction and the Y-direction of the substrate 25 and the 
mask 31 in a state in which the amount of driving of the 
scanning stage 11 in the X-direction is 0, so that the 
amount of shift in this case becomes 0. The lengths of the 
first Y-mirror 53 and the second Y-mirror 63 are set so as 
to be longer than the irradiation length of the illuminating 
light L onto the substrate 25 in the X-direction. The 
operation of the exposure apparatus having the above- 
mentioned configuration will now be described with reference 
to Fig . 4 . 

[0030] After setting correction coefficients Ax and Ay in 
the X-direction and the Y-direction in the CPU 37, the 
substrate 25 and the mask 31 are aligned with each other. 
More specifically, when the mask 31 is positioned at a 
prescribed position by driving the second Y-stage motor 27 
and the second 0-motor 28, the first Y-stage motor 17, the 
first X-stage motor 21, and the first 0-motor 24 are driven 
to align the substrate 25 with the mask 31 . 

[0031] Upon the completion of alignment of the substrate 25 
and the mask 31, the illuminating light L is irradiated from 
the mask 31, and at the same time, the main motor 16 is 
driven and the scanning stage 11 is driven in the X-axis 
direction by the driving screw 14. As a result, the pattern 
of the mask 31 is irradiated onto the substrate 25 via the 
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optical means comprising the deflecting mirror 33, the 
concave mirror 34, and the convex mirror 35, thus exposing 
the pattern of the mask 31 onto the substrate 25. 
[0032] When the scanning stage 11 is driven in the X-axis 
direction, the amounts of relative shift in the X-direction 
and the Y-direction of the substrate 25 and the mask 31 are 
measured by the length measuring unit 48 of the optical 
measuring unit 38. When the amounts of shift AXp and AYp in 
the coordinate in the X-direction and trie Y-direction of the 
substrate 25 and the mask 31 measured by the length 
measuring unit 48 are measured, these amounts of shift AXp 
and AYp are corrected by means of correction coefficients Ax 
and Ay. The first Y-stage 18 and the X-stage 19 holding the 
substrate 25 are driven by the driving controller 36 on the 
basis of the corrected shifts AXp 1 and AYp 1 , and these 
shifts AXp ' and AYp 1 are eliminated. 

[0033] More specifically, even when driving of the scanning 
stage 11 in the X-axis direction causes twisting/ turning or 
rolling in the scanning stage 11, and shifts occur in the X- 
direction and the Y-direction between the substrate 25 and 
the mask 31, such shifts are corrected because the 
occurrence of a shift is detected by the optical measuring 
unit 38 immediately upon occurrence and the driving 
controller 36 is driven via the CPU 37. It is thus possible 
to transfer the pattern of the mask 31 onto the substrate 25 
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without the risk of a shift occurring. 

[0034] Fig. 3 is a descriptive view of the occurrence of 
twisting/ turning . That is, when the scanning stage 11 is 
tilted by an angle 6y around the Y-axis relative to the 
driving direction in the X-axis direction, assuming that the 
distance between the substrate 25 and the mask 31 is 1, the 
illuminating light L irradiated from the mask 31 side would 
suffer from a shift AXy in irradiating position on the 
substrate 25. This results in a yaw of AXy which can be 
calculated from (AXy = 1-Gy) . 

[0035] Although not shown, the roll represents the shift 
occurring when the scanning stage 11 is tilted in the Y- 
direction around the X-axis, and can be calculated in the 
same manner as for the amount of yaw. The direction of 
measurement of the X and Y axes for each stage is not 
speci f ic . 

[0036] Repetition of a plurality of exposure runs leads on 
the other hand to the occurrence of a thermal deformation, 
such as shrinkage of the substrate 25. It is therefore 
necessary to correct a pattern shift caused by shrinkage, 
i.e., to correct magnification. Figs. 4(a) to 4(c) 
illustrate the principle of magnification correction in the 
X-axis direction. More specifically, while the illuminating 
light L irradiates the mask 31 from one end to the other, 
the X-direction coordinates are corrected on the basis of a 
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prescribed amount of magnification for the X-coordinate . As 
a result, even when there is a shift AXm between one end of 
the mask 31 and one end of the substrate 25, as shown in Fig. 
4 (a) , the relative shift AXm at the ends of the substrate 25 
and the mask 31 is corrected at a point in time shown in Fig. 
4 (c) . Therefore, even if the substrate 25 shrinks through 
repetition of exposure, a shift of the pattern is corrected 
in each exposure step. 

[0037] Magnification correction in the X-direction in this 
embodiment is carried out as follows. An amount of shift 
caused by thermal deformation between the substrate 25 and 
the mask 31 is measured prior to starting each exposing step, 
and the measured value is entered into the CPU 37 as an 
amount of magnification correction. The CPU 37 sets this 
amount of magnification correction separately for each 
prescribed X-coordinate. Each time the scanning stage 11 is 
driven to the prescribed coordinate, the substrate 25 is 
driven in the X-direction by the X-stage motor 21 in 
response to the amount of magnification correction at that 
coordinate, thus accomplishing the magnification correction. 
[0038] The magnification correction in the Y-direction is 
accomplished within a narrow range of the width of the 
substrate 25, thus lowering the necessity to correct, as in 
the X-axis direction. When correcting the magnification in 
this direction, however, it suffices to expand or reduce the 
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range of the illuminating light L through an optical system 
{not shown) in the Y-direction before it is incident on the 
mask 31 . 

[0039] When the illuminating light L is irradiated onto the 
entire length in the X-direction of the substrate 25 while 
correcting the yaw direction and roll direction shifts 
caused by driving of the scanning stage 11, and correcting 
the magnification caused by thermal deformation of the 
substrate 25, driving of the scanning stage 11 is 
discontinued, thus completing pattern exposure of the mask 
31 onto the substrate 25. 

[0040] In the aforementioned embodiment, the substrate 25 
is driven in the X-direction and the Y-direction for 
carrying out yaw correction, roll correction and 
magnification correction. A configuration in which the mask 
31 is drivable not only in the Y-direction, but also in the 
X-direction may be adopted so that corrections may be 
accomplished by driving the mask 31 in the X-direction and 
the Y-direction. The above-mentioned corrections may be 
conducted by driving both the substrate 25 and the mask 31. 
[0041] In the above-mentioned embodiment/ roll correction 
and magnification correction are applicable in addition to 
yaw correction. The exposure apparatus of the present 
invention need only have a configuration in which at least 
one of these corrections can be carried out. When 
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performing yaw correction alone, for example, the 
configuration need only permit driving of the substrate 25 
only in the X-direction, and the optical measuring unit 38 
need only be capable of measuring only the X-direction shift 
of the substrate 25 and the mask 31. 
[0042] 

[Advantages] According to the present invention, as 
described above, shifts occurring between the substrate and 
the mask in the driving direction of the scanning stage and 
a direction perpendicular thereto or at least in one 
direction are measured, and exposure is carried out while 
removing the shifts by driving at least one of the mask and . 
the substrate in response to the measured result. It is 
therefore possible to accurately expose the pattern of the 
mask without causing a shift in the substrate. 

[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a perspective view illustrating the 
exposure apparatus of an embodiment of the present 
invention ; 

[Fig. 2] Fig. 2 is a schematic configuration diagram of 
the optical measuring unit in the embodiment shown in Fig. 
1; 

[Fig. 3] Fig. 3 is a descriptive view of the yaw 
correction principle in the embodiment shown in Fig. 1; 

[Fig. 4] Figs. 4(a) to 4(c) are descriptive views of the 
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principle of magnification correction in the embodiment 

shown in Fig . 1 ; 

[Fig. 5] Fig. 5 is a flowchart of the above-mentioned 

embodiment; and 

[Fig. 6] Fig. 6 is a descriptive view of the principle 
of the ref lecting-mirror- type projection exposure apparatus. 
[Reference Numerals] 

11: Scanning stage; 16: Main motor (first driving 
mechanism); 21: X-stage motor (second driving mechanism) ; 
25: Substrate; 31: Mask; 33, 34, 35: Optical means; 36: 
Driving controller; 37: Setting section (CPU); 38: Optical 
measuring unit. 
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